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@ Thin film electronic device. 

@ A thin film electronic package which utilizes a 
circuitized substrate (e.g.. a printed circuit board) 
having a flexible film carrier (11) electrically coupled 
thereto. The film carrier includes a dielectric layer 
(25) (e.g., polyimide) with first and second circuit 
layers (23, 27) located on opposite sides thereof. 
These circuit layers are interconnected, electrically, 
through the dielectric. An electronic device (13) (e.g., 
semiconductor chip) is electrically connected to 
bridging portions of the conductive leads of the 
carrier's first circuit layer, which bridging portions 
extend across apertures (29) provided within the 
dielectric. A plurality of solder elements (19) are 
utilized to provide electrical connection between re- 
spective contact locations of the electronic device 
and respective bridging portions of the first layer's 



conductive leads. 

Further a method of forming electrical connec- 
tions between a flexible film carrier and an electronic 
device is described. The method comprises the 
steps of aligning the film carrier relative to the de- 
vice having a plurality of solder mounds located on 
an upper surface thereof. The film carrier is engaged 
such that bridging portions of conductive leads 
thereof physically contact these solder mounds. Hot 
gas is passed through a screen member to heat the 
bridging portions of the leads to cause these leads 
to in turn heat the solder mounds to cause the 
mounds to become molten, whereafter these leads 
and mounds are cooled to form the desired solder 
bonds. 
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This invention relates to the electronic pack- 
ages and particularly to electronic packages which 
utilize thin film circuit members as part thereof. 
Even more particularly, the invention relates to 
such structures wherein the thin film members are 
electrically connected using solder. 

In US-A-4 937 707. there is described a flexible 
cable structure having an electronic device 
(semiconductor chip) electrically connected thereto. 
The flexible cable is defined as a three-layered 
structure wherein two conductive layers are located 
on opposite sides of an interim dielectric layer. 

In EP-A-352 454, there is described an appara- 
tus for performing fluxless solder t>onds wherein 
hot gas is directed onto solder mounds to cause 
these to become molten and subsequently attach 
to various lead structures. 

Electronic packages which include a thin film 
circuit member as an integral part thereof are 
known in the industry, with examples being defined 
in U.S. Patents 4,849,856 (J. Funari et al) and 
4,914,551 (M. Anschel et al). As mentioned therein, 
a main objective in the design of such electronic 
packages is to provide these with as high current 
densities as possible within a minimum of space. 
Such miniaturization efforts, while providing several 
highly advantageous features, also present various 
engineering problems in both the manufacture and 
operation of these structures. In the aforementioned 
U.S. patents 4.849,856 and 4,914.551, for example, 
solutions to assure effective package heat removal 
during operation as well as facilitating package 
assembly are defined. 

One particular problem facing designers of 
electronic packages containing thin film circuit 
structures is the essential requirement to provide 
sound electrical connections between the relatively 
large number of extremely small conductive ele- 
ments (signal, ground and/or power conductors) 
and the respective contact locations (e.g.. at the 
semiconductor chip and other circuit locations, 
such as on a printed circuit board or similar sub- 
strate) to which the chip is electrically coupled. The 
present invention defines both such a package and 
a method of forming such electrical connections in 
a film member and electronic device for use there* 
in wherein relatively high circuit densities are at- 
tained. 

As is known, soldering represents a common 
technique for joining various objects together, in- 
cluding thin film circuits and other electronic de- 
vices. Typically, the conductive portions of these 
structures (usually metallic, e.g., copper) have been 
coated with a chemical flux prior to joining. Solid 
solder is then placed between the flux-coated ob- 
jects or a flux-filled solder paste is screen-printed 
onto one of the conductive portions and heated to 
a molten state such that the molten solder coats 



tiie portions of these objects which in tum have 
been coated with such flux. Thereafter, the molten 
solder is cooled to form a joint between the two 
objects. 

5 As is known, the flux serves to chemically 

reduce oxide which may be on the surface of the 
metallic objects being joined, and also on the sur- 
face of the molten solder. Such oxide prevents 
solder wetting t>etween these surfaces, resulting in 

70 an ineffective t)ond. Using flux, this material volatil- 
izes and is burned off during the bonding opera- 
tion, causing certain undesirable effects such as 
gas generation which in turn can become incor- 
porated within the molten solder. This may further 

75 result in voids in the bonding region, which In turn 
may weaken the final physical joint. Such voids 
further decrease the cross-sectional area of such a 
connection, which, if designed for providing elec- 
trical interconnection, may thus reduce the con- 

20 ductivity between the two conductors being joined. 
Still further, flux residue which is not totally volatil- 
ized may corrode the resulting solder joints as well 
as the objects being joined. 

In microelectronic applications (e.g.. for elec- 
ts tronic package structures as defined herein), solder 
bonds are commonly used. In one technique, an 
electronic device (semiconductor chip) is mounted 
onto a packaging substrate (thin film structure) In a 
"flip-chip" orientation. In this orientation, the sur- 

30 face of the chip having contact locations is placed 
facing the thin film circuit member. The contact 
locations on the chip and the respective thin film 
conductive elements are electrically connected us- 
ing solder structures, also referred to as controlled 

35 collapse chip connections (C4's). 

It is, an object of the present invention to 
enhance the art of electronic packaging and sub- 
stantially meet the miniaturization demands in to- 
day's packaging industry by providing a method of 

40 forming sound, effective electrical connections be- 
tween flexible tilm carriers and an electronic device 
for eventual use within an electronic package, 
wherein such connections can be accomplished in 
a safe and expeditious manner and a respective 

45 electronic package. 

In accordance with one aspect of the invention 
as claimed, there is defined a method of forming a 
plurality of electrical connections between a flexi- 
ble, thin film carrier and an electronic device 

so wherein the method comprises the steps of provid- 
ing an electronic device having contact locations 
thereon, positioning a solder mound on each of 
these locations, aligning a flexible film carrier with 
these solder mounds and engaging the film carrier 

55 to cause portions of each of the conductive leads 
which bridge respective apertures within the film 
carrier's dielectric layer to contact and exert a 
predetermined force against a respective one of 
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the solder mounds such that each of these leads is 
bent over said respective solder mound, A hot gas 
is directed onto each of the conductive leads en- 
gaging these solder mounds to heat the leads to a 
temperature sufficient to cause at least a portion of 
the contacted solder mounds to become molten. 
The molten solder mounds are thereafter cooled to 
form the desired solder bond and thus assure an 
effective electrical connection. 

In accordance with another aspect of this in- 
vention as claimed, there is defined an electronic 
package which comprises a circuitized substrate, a 
flexible film carrier electrically coupled to the sut)- 
strate and including a dielectric layer having first 
and second circuit layers located on opposite sides 
thereof, the first circuit layer including conductive 
leads which bridge respective apertures within a 
dielectric layer of the film carrier, and an electronic 
device which includes a plurality of contact loca- 
tions thereon each connected to a respective one 
of the bridging portions of the conductive leads of 
the first layer. The package further includes a plu- 
rality of solder elements, each of which provides 
the electrical connection between the electronic 
device's contact locations and the respective bridg- 
ing conductive leads. 

As will be further defined, such connections 
and the resulting structure are accomplished using 
solder. Even more particularly, such connections 
are achieved without use of chemical flux. 

The present invention provides a significant 
improvement over currently known soldering tech- 
niques for performing electrical connections in min- 
iaturized electronic packages. The method as de- 
fined herein assures sound, effective electrical con- 
nections between extremely small circuit elements. 
The method is relatively safe and can be adapted 
to mass production techniques, thus reducing the 
overall cost of the final package structure. 

It is t)elieved that an electronic package and 
method for forming electrical connections t)etween 
the various elements for use in such a package 
possessing the advantageous features described 
herein would constitute a significant advancement 
In the art. 

For a better understanding of the invention, 
together with other and further objects and advan- 
tages thereof, reference is made to the following 
disclosure and appended claims in connection with 
the drawings, in which: 

Rgs. 1-6 represent the various steps of for- 
ming a plurality of electrical con- 
nections t)etween a flexible film 
carrier and an electronic device in 
accordance with a preferred em- 
bodiment of the invention; 
Fig. 7 illustrates an electronic package 

as may t>e formed using the 



method illustrated in Figs. 1-6, 
with additional structure (e.g., a 
heat sink member) forming part 
thereof; and 

5 Figs. 8-10 illustrate the steps in a method for 
forming electrical connections be- 
tween a flexible film carrier and a 
circuitized substrate (e.g., a print- 
ed circuit board) to which the 
10 flexible film carrier may also be 

electrically coupled. 
In Rgs. 1-6. there are shown the steps of 
forming a plurality of electrical connections t>e- 
tween a flexible film circuit carrier 1 1 and an elec- 
ts tronic device 13 (e.g., semiconductor chip). The 
resulting subassembly (device-carrier) is to be in- 
corporated within an electronic package such as 
defined in the aforementioned U.S. Patents 
4,849,856 and 4.914.551. A partial view of such a 
20 package is provided in Fig, 7. 

In Fig. 1. device 13 is shown as being posi- 
tioned within a holder (support) member 15. Al- 
though only one such chip is shown in Rg. 1 , it is 
understood that additional such devices can be 
25 simultaneously positioned within respective receiv- 
ing locations (e.g., channels) within holder 15 and 
treated in a simultaneous manner. Prior to this 
positioning, selected contact locations (17 in Rg. 2) 
which form part of the device are provided with 
30 individual solder mounds 19. Each mound is of 
3:97 tin-lead solder composition, but it is under- 
stood that other compositions may be readily used 
herein. By the term 3:97 tin-lead solder composi- 
tion is meant to define a solder composition which 
35 comprises about 3 percent tin and about 97 per- 
cent lead. Such is a standard procedure for defin- 
ing solder compositions and will be used at other 
locations herein. Each solder mound is applied 
using techniques known in the art and further defi- 
40 nition is not believed necessary. Significantiy, each 
mound preferably comprises the configuration illus- 
trated in Rgs. 1-3) to include a substantially dome- 
shaped upper portion 21 . This also is not meant to 
limit the invention in that other configurations are of 
45 course acceptable. With the plurality (e.g., from 
about 250 to 350) of solder mounds Joined to the 
similar number of respective contact locations 17, 
device 13 is positioned within holder 15. Holder 15 
is preferably metallic (e.g., stainless steel). Once so 
50 positioned, the holder is preferably heated to a 
predetermined temperature (e.g., approximately 
100 to 150 degrees Celsius (C)). to in turn heat 
device 13 (to about the same temperature). Such 
preheating of device 13 is preferred to substantially 
55 eliminate subsequent thermal shock to the device 
13 resulting from exposure thereof to the hot gas 
directed toward this portion of the structure, as will 
be further described hereinbelow. 



4 



5 



EP 0 473 929 A1 



6 



Flexible film carrier 11 Includes a first circuit 
layer 23, which, in the orientation depicted in Figs. 
1-6, is shown as located at the bottom portion of 
the carrier and facing device 13. Eventually, carrier 
11 and the secured device 13 will be inverted so 
as to assume the position represented in Rg. 7. By 
the term carrier as used herein is meant to define a 
thin film circuitized member designed for having at 
least one electronic device of the type defined 
herein electrically coupled thereto. Carrier 11 fur- 
ther includes a central dielectric layer 25 (e.g.. 
polyimide) which includes first conductive layer 23 
located thereon. Layer 23 is preferably of copper or 
copper-chromium composition and may t>e applied 
to the dielectric layer in a manner known in the art. 
In one example, first circuit layer 23 possessed an 
overall thickness within the range of from about 
27,94 um (0.0011 inch) to about 43.18 urn (0.0017 
inch). The corresponding dielectric layer 25 pos- 
sessed a thickness within the range of from about 
45.72 um (0.0018 inch) to about 55.88 um (0.0022 
inch). Positioned on the opposite side of dielectric 
layer 25 from the first layer 23 is a second conduc- 
tive layer 27, which layer 27 is also preferably of a 
copper or copper-chromium composition. This lay- 
er may also be adhered to the dielectric material 
25 using known techniques, and preferably pos- 
sesses a thickness within the range of atx)ut 27.94 
um (0.0011 inch) to about 45.72 um (0.0018 inch). 

By the term layer as used herein Is meant to 
include a substantially solid (continuous) structure 
as well as a structure comprised of several individ- 
ual lines spacedly located on the dielectric in ac- 
cordance with a predetermined, planar pattern. 
Thus, a layer as defined herein may perform sig- 
nal, power or ground functions, depending on the 
desired operational characteristics of the package. 

Rim carrier 1 1 includes a plurality of apertures 
29 formed at predetermined locations within dielec- 
tric layer 25. These apertures, as shown, extend 
through the entire thickness of layer 25. In a pre- 
ferred embodiment of the invention, a total of 344 
such apertures were provided within a flexible film 
carrier having an overall thickness of about 50.8 
um (0.002 inch) and a contact area location (that 
location which is designed for being electrically 
connected, through the bonding method defined 
herein, to the pattern of contact locations 17 
formed within/upon device 13) of about 1.7419 
mm^ (0.0027 square inches). Apertures 29 are 
formed within dielectric layer 25 so as to enable 
passage of hot gas through the flexible film carrier 
to accomplish the unique solder connections de- 
fined hereinbelow. As further shown in Rgs. 2-6, 
portions of the conductive circuit layer 23 extend 
across (bridge) at least one of these apertures, said 
portions subsequentiy being physically connected 
to one of the respective solder mounds 19. It is 



also within the scope of the invention to utilize 
apertures such as those represented by the nu- 
merals 29 to provide selected paths for intercon- 
nections between the opposed circuit layers 23 and 

5 27. For example, it may be desirable to electrically 
connect selected ones of individual circuit lines 
within first circuit layer 23 to a substantially solid 
second layer 27, which second layer may serve as 
an electrical ground in the final package. Such an 

10 interconnection is represented by the numeral 31 in 
Fig. 1, and also represented by the conductive 
element 33 to the left in Figs. 2-5. 

In a preferred embodiment of the invention, 
first layer 23 represents a signal layer and thus 

IS includes a plurality of individual conductive leads 
33 spacedly positioned on dielectric 25 in a pre- 
determined pattern. See particulariy Rg. 6, in com- 
parison to Rg. 5. Understandably, these signal 
leads 33 correspond to the pattern of solder 

20 mounds (and thus contact locations) on device 13. 
Such signal lines may. as illustrated, terminate In 
the contact region with device 13 and extend sub- 
stantially outwardly therefrom (e.g., the longer sig- 
nal lines extending to the left and right in Fig. 1). 

25 Understandably, the configuration depicted in Rg. 
1 is not meant to limit the invention in that several 
others may be readily utilized for carrier 1 1 . 

Carrier 11 is aligned strategically over device 
13 such that the described bridging conductors are 

30 each precisely aligned with the designated, respec- 
tive solder mound to which it will be connected. 
Such alignment is achieved using a precision cam- 
era technique to assure the accuracy required. A 
screen member 41 is then lowered to engage the 

35 uppermost surface of second layer 27. By the term 
screen member as used herein is meant to define 
any structure which may provide positive engage- 
ment with carrier 11 and which also permits pas- 
sage of desired hot gasses (defined below) thereth- 

40 rough. In one example of the invention, screen 
member 41 was comprised of stainless steel mesh 
screening and possessed a thickness within the 
range of from about 762 um (0.03 inch) to about 
1 .524 um (0.06 inch). Such a member may also be 

45 comprised of sintered metal (e.g., stainless steel) 
which metal, due to this internal structure, enables 
passage of hot gas therethrough. 

In Fig. 2, screen 41 is shown as engaging 
carrier 11 to cause it to be downwardly moved so 

so as to physically contact solder mounds 19. Screen 
41 preferably applies sufficient downward force on 
carrier 11 such that a total force within the range of 
from about 3 grams to about 10 grams is applied 
by the individual, bridging conductive leads 33 on 

55 each solder mound. In comparing Figs. 2 and 3, it 
is understood that two such leads 33 are shown, 
one t>ehind the other, such that each physically 
contacts a respective one of the solder mounds 19. 
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In further comparing these Rgs. to Rg. 6. it can be 
seen that more than two such leads may be lo- 
cated across aperture 29 within carrier 1 1 . Accord- 
ingly, it is not necessary in the invention that each 
individual lead bridge a singular respective ap- 
erture. In Figs. 2-5, it is understood that the con- 
ductive lead 33 located nearest the viewer, and 
shown in section, physically contacts the solder 
mound 19 to the left. Accordingly, the remaining 
lead 33 shown in these drawings as behind the 
sectioned lead 33 physically contacts the solder 
mound 19 to the right. And, as stated, the lead 
shown in section is electrically connected to sec- 
ond layer 27 through aperture 29 in this example of 
the invention. Said lead may also, of course, ex- 
tend outwardly along layer 23 as indicated in Rg. 
1. 

With the aforedefined force applied by leads 
33 on the respective solder balls 19, hot gas is 
passed through screen 41 and through apertures 
29 to pass directly onto the bridging portions of 
each lead 33. As shown in Rg. 3. the force applied 
has caused these bridging portions to be bent over 
their respective solder mounds. Preferably, the 
aforementioned application of force and passage of 
hot gas occurs simultaneously. A preferred hot gas 
for use in the invention is nitrogen, although it is 
understood that others, including argon and hy- 
drogen, may also be used. Nitrogen is preferred 
because of its more ready availability, reduced 
cost. etc. Hot gasses such as nitrogen and argon 
are also more preferred for safety reasons. It is 
also possible in the invention to utilize gases com- 
prised of various combinations of these elements, 
including a gas comprised of about 10% hydrogen. 
80% nitrogen and other selected ingredients. 

The hot gas is preferably applied at the tem- 
perature within the range of from about 400 de- 
grees C to about 500 degrees C when directed 
onto leads 33. As a result, leads 33 are heated to a 
temperature within a range from about 350 degrees 
C to about 400 degrees C, sufficiently to cause the 
physically contacted, upper dome-shaped portions 
of each solder mound to become substantially mol- 
ten. The described 3:97 tin-lead solder has a melt- 
ing temperature of about 318 degrees C, such that 
it readily t>ecomes molten when so engaged by the 
heated leads. The hot gas is applied for only about 
0.2 seconds to about 2.0 seconds, depending on 
the number of leads, solder mounds, material thic- 
knesses, etc. 

It is also understood that, with reference to the 
embodiment of the invention as depicted in Rgs. 2- 
5. part of the hot gas also directly contacts the 
several solder mounds (as well as the bridging 
leads engaging said mounds). Thus, the gas also 
provides some direct heating of the mounds to 
even further facilitate rapid heating thereof to attain 



the desired molten state. 

In Rg. 4, the upper portions of each solder 
mound are shown as being melted to move sub- 
stantially upwardly along the outer sides of the 

5 respective conductive leads. Such side movement 
is also represented in Rg. 6. said view taken along 
the line 6-6 in Rg. 5. Significantly, this melting, in 
combination with the downward force and hot gas 
application, results in a reduction in the total bend 

10 of each lead, as shown in Fig. 4. Each lead 33 thus 
substantially becomes straightened to substantially 
resume its original F>osition prior to solder mound 
engagement. This final lead configuration is best 
depicted in Rg. 5. As further shown in Rg. 5, 

fs screen 41 has been withdrawn. Prior to such up- 
ward movement of screen 41 , however, cooling gas 
(e.g.. nitrogen) is directed onto the solder mounds 
and contacting lead structures to facilitate cooling 
thereof and final solder connection. This gas is 

20 preferably introduced at room temperature and for 
a relatively brief period of time (e.g.. from only 
about 0.3 seconds to atx>ut 4.0 seconds). Subse- 
quently, screen 41 is raised. 

Preferably, the portions of conductive leads 33 

25 which physically contact the respective solder 
mounds 19 each include a very thin layer (e.g., 
0.508 um) of nickel having thereon another very 
thin layer (e.g., 0.508 um) of highly conductive, 
precious metal (e.g., gold). During formation of the 

30 respective solder bonds, the tin portion of the sol- 
der mound combines with the thin gold to form a 
tin-gold alloy at a specified temperature (e.g.. 280 
degrees C). This results in formation of a liquid 
pool, causing the lead within the solder to also 

35 liquify, forming a singular alloy. As shown and 
described, preferably only the upper portion of 
each solder mound t>ecomes molten to form the 
described bond with the respective lead 33. 

Thus, a solder connection is formed between 

40 individual pairs of conductive leads and chip con- 
tact locations in a facile, effective manner. Connec- 
tions were possible using the teachings of the 
invention between leads and contacts of extremely 
small sizes. In one example, conductive leads hav- 

45 ing a total width of only about 55.88 um (0.0022 
inch) and spaced apart only about 66.04 um 
(0.0026 inch) were successfully t>onded to chip 
contact locations. By way of further example, such 
a chip contact area possessed dimensions of only 

50 about 50.8 um (0.002 inch) by about 102 um 
(0.004 inch) and included therein a total of 344 
such contact locations. 

In Rg. 7, the flexible film carrier 11 as solder 
bonded to device 13 in the manner defined above 

55 is electrically connected to a circuitized substrate 
(e.g., printed circuit board) 51 to form part of an 
electronic package 53. Carrier 11 Is illustratively 
represented in Rg. 7 as a single layer structure. 
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but it is of course understood that this member 
comprises the aforedefined three individual layers 
described in Figs. 1-6. Canrier 11 and device 13, as 
bonded, have l^een inverted relative to the orienta- 
tion depicted in Fig. 1 prior to connection to the 
contact bites (circuitry) 61 on substrate 51. Thus, 
the preferred signal layer 23 (Fig. 1) is located on 
the upward side of carrier 1 1 in Fig. 7. In such an 
arrangement, it is preferred that the outer contact 
end portions for the leads which form the circuitry 
in the first layer 23 be electrically coupled to re- 
spective contact sites 61 (Figs. 8-10) formed as 
part of substrate 51 (e.g., on the upper surface 
thereof). It is also possible In the embodiment of 
Hg. 7 to extend the second circuit layer 27 sul>- 
stantially to the outermost end locations of carrier 
11 and to also connect selected portions of this 
layer to respective contact sites 61. Further, it is 
within the scope of the invention to extend the 
second layer (e.g., if used as a ground layer) to 
only the portion of carrier 1 1 substantially opposite 
that of device 13 to electrically connect one or 
more parts of this ground layer to one or more 
conductive lines which form part of the first layer 
23. to thus provide a ground connection to respec- 
tive circuitry within substrate 51 on the same side 
of carrier 1 1 as first layer 23. 

In Figs. 8-10. a preferred method for providing 
electrical connections between the respective con- 
tact sites 61 on substrate 51 and various conduc- 
tive leads extending to the outer portions of carrier 
11 is shown. In Fig. 8. the second layer 27 is 
shown as extending from the right and across an 
aperture 29' within the carrier's dielectric layer 25. 
Another aperture 29' is also formed within layer 25 
and includes a bridging portion of a conductive 
lead 33 extending thereacross. In the embodiment 
of Fig. 7. screen 41 is lowered to engage carrier 11 
to cause downward movement thereof and engage- 
ment with the solder elements 19'. Elements 19* 
are preferably of 60:40 tin-lead solder and prefer- 
ably slightly larger than the corresponding solder 
elements 19 in Figs. 1-6. As shown in Fig. 7. each 
solder element possesses a substantially uniform 
height but tiiis is not meant to limit the Invention as 
acceptable tolerances are permitted when using 
the teachings of this invention. Such tolerances are 
also acceptable in the formation of the inner lead 
structures (Rgs. 1-6) described above and such 
method thus readily compensates for varying sol- 
der mound heights to thereby represent a signifi- 
cant feature of the invention. That is, the aforemen- 
tioned bending of the respective conductive leads 
assures sufficient tolerancing to compensate for 
varying solder mound heights while assuring effec- 
tive contact with all solder mounds. 

In Fig. 9, the extending lead of second layer 27 
has been bent sufficiently as a result of the force 



applied by screen 41 (which may be similar to that 
applied in Rgs. 1-6). Significantiy. the bridging 
portion of lead 33 in first layer 23. located a dis- 
tance above the second layer lead (the thickness of 
5 dielectric layer 25) does not ben6 during this outer 
lead connection. Hot gas is still directed through 
screen 41 onto tiiis lead 33, however, as it is 
through aperture 29' onto solder element 19' which 
eventually bonds to the second layer lead. Thus, 
10 each heated, bridging lead causes subsequent 
heating of the respective solder element to cause 
partial melting thereof and an effective solder bond. 
Such a final structure is depicted in Fig. 10. 
wherein screen 41 (not shown) has been removed. 
75 As a further step in the invention, it is also 

preferred to apply epoxy 60 on the upper surface 
of substrate 51 to substantially surround each of 
the respective contact sites 61 . Preferably, contact 
sites 61 are of copper and have a thickness of only 
20 about 102 um (0.004 inch). 

With carrier 11 electrically connected to tx>th 
device 13 and substrate 51, the device is tiien 
preferably thermally coupled to a heat sink 71. 
Preferably, this is accomplished using an epoxy 73 
25 of tiie type defined in U.S. Patent 4.849,856 
("Scotchcast". including a zinc oxide thermally 
conductive filler). Other epoxies are readily possi- 
ble for use in the invention and the invention is 
thus not limited to this particular type. A similar 
30 epoxy is also used for the epoxy located on the 
upper surface of substrate 51. Heat sink member 
71 may be, for example of the same material and 
configuration depicted in U.S. patents 4,849,856 
and 4.914.551. 
35 Although the aforementioned method as de- 
fined illustrates the bridging of individual conduc- 
tive leads across selected apertures and the pas- 
sage of hot gas therethrough so as to heat these 
leads to subsequently cause heating above the 
40 contacted solder mounds, it is understood that ad- 
ditional connections may be formed using the 
teachings of the invention wherein non-bridging 
types of lead portions neighboring (adjacent) those 
directly receiving not gas are also heated while 
45 engaging respective solder mounds. That Is. it is 
within the scope of the invention to provide such 
additional connections by passage of such hot gas 
through the already provided apertures, which hot 
gas may further pass onto such additional, neigh- 
so boring lead structures located in the vicinity of 
such apertures (but not extending thereacross) to 
sufficiently heat these leads and cause active sol- 
der twnding. Thus, each such non-bridging lead, if 
appropriately positioned relative to apertures within 
55 carrier 1 1 , may receive sufficient heat from hot gas 
passing through these apertures so as to cause the 
solder contacted therewith to become molten as 
occurred witti those solder elements shown in the 
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drawings as directly contacting bridging leads. 
Thus, a combination of solder connections between 
bridging and non-bridging leads is possible using 
the unique teachings of the instant invention. 

As yet another step, an encapsulant material 
(e.g., having a low coefficient of thermal expansion) 
is preferably used to substantially encapsulate the 
formed solder connections on device 13. Such an 
encapsulant. which may be chosen from encapsul- 
ants known in the art. has proven to provide addi- 
tional mechanical connection support, particularly 
during subsequent thermal and life testing, of such 
solder connections. 

Thus there has been shown and described a 
method of making sound electrical connections be- 
tween a flexible film carrier and an electronic de- 
vice, which carrier and device are to be used within 
an electronic package assembly. The method as 
defined herein can be accomplished in a safe, 
facile manner and is readily adaptable to mass 
production. The package as produced using this 
method thus possesses relatively high circuit den- 
sities as is highly desired in today's industry. 

Claims 

1. A method of forming a plurality of electrical 
connections between a flexible film carrier and 
an electronic device, said method comprising: 

providing an electronic device having a plural- 
ity of contact locations thereon; 

positioning a solder mound on each of said 
contact locations; 

aligning a flexible film carrier with said solder 
mounds, said carrier including a dielectric lay- 
er and a plurality of conductive leads, each of 
said leads bridging at least one aperture within 
said dielectric layer; 

engaging said flexible film carrier to cause 
each of said conductive leads to contact and 
exert a predetermined force against a respec- 
tive one of said solder mounds such that each 
of said leads is bent over said respective sol- 
der mound; 

directing a hot gas onto each of said conduc- 
tive leads engaging said solder mounds to 
heat said leads to a temperature sufficient to 
cause at least the portions of said solder 
mounds engaging said leads to become mol- 
ten; and 

cooling said conductive leads and said solder 
mounds to solder bond said solder mounds to 



said leads. 

2. The method according to claim 1 , wherein said 
engaging of said flexible film carrier is accom- 

5 plished using a screen member, said screen 

member engaging a surface of said canrier. 

3. The method according to claim 1 or 2. wherein 
said predetermined force exerted by each of 

10 said conductive leads against said respective 

solder mound is within the range of from about 
3 grams to about 1 0 grams. 

4. The method according to anyone of the pre- 
75 ceding claims, wherein said hot gas is passed 

through said screen member during said en- 
gagement. 

5. The method according to anyone of the pre- 
20 ceding claims, wherein said hot gas is at a 

temperature within the range of from about 400 
degrees Celsius to abovX 500 degrees Celsius 
when directed onto said conductive leads. 

25 6. The method according to claim 5. wherein 
each of said leads is heated to a temperature 
within the range of from about 350 degrees 
Celsius to about 450 degrees Celsius, said 
temperature sufficient to cause said portions of 

30 said solder mounds to become molten. 

7. The method according to anyone of the pre- 
ceding claims, wherein said gcis is selected 
from the group consisting of argon, hydrogen, 

35 helium, nitrogen or combinations thereof. 

8. The method according to anyone of the pre- 
ceding claims, further including the step of 
heating said electronic device to an estab- 

40 lished temperature prior to directing said hot 

gas onto said leads. 

9. The method according to claim 8. wherein said 
device Is heated to a temperature within the 

45 range of from about 100 degrees Celsius to 

about 150 degrees Celsius. 

10. The method according to anyone of the pre- 
ceding claims, wherein said engaging of said 

so flexible film and said directing of said hot gas 

occur substantially simultaneously. 

11. The method according to anyone of the pre- 
ceding claims, wherein said electrical connec- 

55 tions are formed without the use of solder flux 

or the like material. 

12. An electronic package comprising: 
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a circuitized substrate; 

a flexible film carrier (11) electrically coupled 
to said substrate and including a dielectric s 
layer (25) having a first plurality of apertures 
(29) therein, a first circuit layer (23) located on 
one side of said dielectric layer and a second 
circuit layer (27) located on a second side of 
said dielectric layer opposite said first side and io 
electrically connected to said first layer at se- 
lected locations through said dielectric layer, 
said first circuit layer including a first plurality 
of conductive leads (33) each having a portion 
thereof bridging a respective one of said ap- 
ertures within said dielectric layer; 

an electronic device (13) including a plurality 
of contact locations (17) thereon electrically 
connected to respective ones of said portions 20 
of said conductive leads of said first circuit 
layer which bridge said apertures within said 
dielectric layer; and 



16. The electronic package according to anyone of 
the preceding claims 12 to 15. wherein said 
first and said second circuit layers are each 
comprised of chromium and copper. 

17. The electronic package according to anyone of 
the preceding claims 12 to 16. wherein each of 
said solder elements of said first and second 
pluralities of solder elements is comprised of 
tin and lead. 



19. The electronic package according to anyone of 
the preceding claims 12 to 18 further including 
a heat sink member, said electronic device 
thermally coupled to said heat sink member. 



ia The electronic package according to claim 17. 
wherein said solder elements of said first plu- 
rality are each comprised of 3:97 tin-lead sol- 
75 der and said solder elements of said second 

plurality are each comprised of 60:40 tin-lead 
solder. 



a plurality of solder elements (19), each of said 25 
elements providing electrical connection t^e- 
tween said contact locations of said electronic 
device and said respective ones of said por- 
tions of said conductive leads of said first 
circuit layer which bridge said apertures within 30 
said dielectric layer. 

13. The electronic package according to claim 12, 
wherein said circuitized substrate comprises a 
printed circuit tx>ard (51) having a plurality of 3S 
contact sites (61) thereon, said flexible film 
carrier being electrically connected to said 
contact sites. 



14. The electronic package according to claim 13, 40 
wherein said dielectric layer further includes a 
second plurality of apertures therein and said 

first circuit layer further includes a second plu- 
rality of conductive leads each having a portion 
thereof bridging a respective one of said ap- 4s 
ertures of said second plurality of apertures, 
and a second plurality of solder elements, 
each of said elements of said second plurality 
providing said electrical connection between a 
respective one of said contact sites and a so 
respective one of said bridging portions of said 
conductive leads of said second plurality of 
leads which bridge said apertures of said sec- 
ond plurality of apertures. 

55 

15. The electronic package according to anyone of 
the preceding claims 12 to 14, wherein said 
dielectric layer is comprised of polyimide. 
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